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Abstract 
This study examined a well-known feature of the Cretan dialect, namely the 
palatalization and affrication of voiceless velar stops triggered by following front 
vowels /i/ and /e/ and the high glide. The material was drawn from conversational 
speech uttered by five male speakers of the western Cretan dialect. The results revealed 
three realizations of the underlying voiceless velar stop /k/, specifically a standard 
palatal stop [c] realization and two dialectal ones, a palatal [c
ç
] and an alveolo-palatal 
[t
ɕ
] affricate. Dialectal realizations occurred more frequently in stressed syllables than 
unstressed ones and in word-medial syllables than in syllables in word edges. 
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1. Introduction 
Despite being one of the most distinct regional Greek dialects, the dialect of Crete has 
been examined by a limited number of studies. Research on the phonetic and 
phonological characteristics of the dialect is even more scarce (e.g. Newton 1972; 
Κονηοζόποσλος 1969; Trudgill 2003; Kappa 2001; Kappa & Vergis 2011) and is 
mostly based on impressionistic descriptions of dialectal material without making use 
of current technological advances in the collection and analysis of speech. In a recent 
acoustic study, Syrika, Kong & Edwards (2011) examined one of the most well-known 
features of the dialect, namely palatalization and affrication of velar stops
1
. Using 
sentence materials spoken by speakers of the southeastern Cretan dialect (from the 
region of Ierapetra), Syrika et al. (2011) confirmed the application of the phenomenon 
in Crete. 
In all varieties of Greek including Standard Modern Greek (SMG) the velar 
obstruents /k, g, x, ɣ/ have palatal allophones when followed by front vowels /i/ and /e/ 
(e.g. Arvaniti 2007; Holton, Mackridge & Philippaki-Warburton 1997; Newton 1972; 
                                                 
1
 The term velar shoftening is also used in the literature to describe this process (eg. Kochetov 2011). 
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Mackridge 1987). Baltazani & Topintzi (2012) distinguish two types of phonological 
palatalization which affect velar obstruents (and [n, l]) in Greek: (i) simple 
palatalization which occurs in underived environments before a front vowel and (ii) 
extreme palatalization which occurs in both underived and derived environments 
before a glide followed by a vowel in which case the glide is absorbed by the newly 
created palatal. In the following examples, the velar stops /k/ and /g/ are realized as 
palatal stops [c] and [ɟ] respectively and the velar fricatives /x/ and /ɣ/ are realized as 
palatal fricatives [ç] and [ʝ] respectively, in underived (1-5) and in derived 
environments (6-7). 
   SMG   Gloss 
(1) /ke/     [ce]    and 
(2) /ˈgemi/  [ˈɟemi]   bridle 
(3) /ˈxeɾi/   [ˈçeɾi]    hand 
(4) /ˈɣeɾos/   [ˈʝeɾos]  old man 
(5) /xiˈoni/   [ˈçoni ]  snow 
(6) /peˈðaki +a/   [peˈðaca]  children 
(7) /t
saˈruxi +a/  [tsaˈruça]  rustic shoes 
In the dialect of Crete, when velar obstruents /k, g, x, ɣ/ occur before the front 
vowels /i/ and /e/ they tend to undergo palatalization and (af)frication and to become 
[t
ɕ
, d
ʑ, ɕ, ʑ] respectively (e.g. Syrika et al. 2011; Trudgill 2003; see also Manolessou & 
Pantelidis 2013 for a detailed discussion on the geographical distribution of the 
phenomenon in Greece). This means that the SMG realizations shown in the examples 
(1-7) are typically (but not always) realized as [t
ɕe], [ˈdʑemi], [ˈɕeɾi], [ˈʑeɾos], [ˈɕoni], 
[peˈðatɕa] and [tsaˈruɕa] in Crete. (Af)frication has proven resistant to the influence of 
SMG and is one of the features that are typically used to classify Greek dialects (e.g. 
Trudgill 2003).  
 There are two hypotheses that have been put forward to account for the process 
through which /k/ becomes an affricate in the literature. According to the articulation-
based hypothesis (e.g. Anttila 1972), affrication is triggered by context-dependent 
(alveolo)palatal realizations of the velar stop which means that the process is preceded 
by velar palatalization. According to the acoustic equivalence hypothesis (e.g. Guion 
1998), affrication is routed to the acoustic similarity between the acoustic/spectral cues 
of front velar stops and palato-alveolar affricates before front vowels. The fact that in 
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Crete, among a few other dialects (e.g. Majorcan Catalan), the affricate realizations co-
occur synchronically with palatal stops (i.e., the standard allophonic realization of 
velar stops in SMG) has been used as an argument in favour of the former hypothesis 
(e.g. Recasens & Espinosa 2009). 
 The goal of this paper is to provide a phonetic and phonological analysis of 
(extreme) palatalization and affrication in western Cretan dialect focusing on the 
behavior of the voiceless velar stop /k/
2
. We specifically investigate the environments 
that favour the application of the phenomenon (e.g. stressed vs. unstressed syllables, 
following vowel, syllable position within the word) and provide and acoustic 
description of the nature of the phenomenon, i.e., whether it shows a categorical 
application or it can be considered as a coarticulatory process with gradient phonetic 
outputs that would further support the articulation-based hypothesis.  
 
2. Method 
2.1 Participants  
The participants were five male speakers of the western Cretan dialect, aged 45-78 
years old (mean age = 66 years old) from the villages of Anogeia, Kissamos, Plakia 
and Megala Xorafia (see Figure 1). None of the participants had spent a period of more 
than six months away from his village.  
 
2.2 Speech materials and procedure 
The speech material was drawn from natural conversations (semi-directed interviews) 
between each participant and a native speaker of the western Cretan dialect. Each 
conversation lasted approximately twenty minutes and revolved around participants’ 
hobbies, work, family, village etc. Participants were recorded directly onto a laptop 
hard disk via a Blue Yeti microphone at a sampling rate of 44.1 kHz.  
 
                                                 
2
 This paper is part of a large-scale project investigating the consonantal system of the western Cretan 
dialect at the phonological and phonetic levels with focus on major features of the dialect such as 
(extreme) palatalization and affrication of velars, prenasalization of stops and retroflexion of lateral 
approximants. 
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Figure 1. Map of Crete showing the location of the four villages where the recordings 
were held 
 
2.3 Acoustic measurements 
We identified and measured the acoustic characteristics of the allophonic realizations 
of the underlying voiceless velar stop /k/ followed by front and back vowels in 
approximately five minutes of speech recorded by each dialectal speaker. We also 
identified the realizations of the voiceless alveolar true affricate /t
s
/
3
 in order to 
compare it with the dialectal one but because of the very small number of instances in 
the corpus it was not possible to further analyse those instances. The velar stop /k/ was 
expected to be realized as [k] before back vowels /a/, /o/ and /u/ and as (i) a palatal stop 
[c] (following the Greek allophonic rule of palatalization in cases where the speaker of 
the dialect adopts the ‘standard’ SMG pronunciation) or (ii) an alveolo-palatal affricate 
[t
ɕ
] (following the dialectal allophonic rule of affrication in cases where the speaker 
does not adopt the ‘standard’ SMG pronunciation) before front vowels /i/ and /e/ and 
the high (front) glide. The following acoustic measurements were taken in an attempt 
to differentiate the two possible pronunciations before front vowels: 
(a) Relative intensity: The release intensity of the stop/affricate relative to the 
intensity of the following vowel (since vowels have a higher intensity than 
consonants, relative intensity will always be a negative number). Affricates are 
expected to have a greater energy/intensity than stops. 
(b) Duration: The release duration of the stop/affricate, i.e., the period from the 
burst to the onset of voicing. Affricates are expected to have a longer release 
duration than stops. 
                                                 
3
 The voiceless alveolar affricate /t
s
/ occurs in all Greek dialects including the Cretan one (for a 
discussion on whether /t
s
/ should be treated as a phoneme or a cluster in SMG see Arvaniti 2007). 
Kissamos 
 
Anogeia 
 
Plakia 
 
Megala Xorafia 
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(c) Center of gravity: The average frequency of the spectrum of the affricate. The 
higher the frequency, the fronter the constriction. This measurement allowed 
differentiating two dialectal affricate realizations in our data (see Figure 4). 
 
3. Results 
3.1 Descriptives 
Table 1 shows the number of underlying /k/ and /t
s
/ measured for each western Cretan 
speaker. There were 428 instances in total with the number of instances being 
relatively balanced across speakers. 
 
Speaker Instances analyzed 
1 93 
2 87 
3 83 
4 75 
5 100 
Total 438 
Table 1. Number of /k/ and /t
s
/ instances analyzed per speaker in the corpus 
 
Table 2 shows the allophonic realizations of /k/ and /t
s
/ measured for each western 
Cretan speaker. As mentioned in Section 2.3, due to a very small number of /t
s
/ 
instances (n = 9) we did not further analyze those instances. Regarding /k/, 189 
instances were followed by a non-front vowel and were thus realized as [k] as in 
examples (8-9) and 240 instances were followed by a front vowel and were either 
subject to palatalization (91 standard [c] realizations) as in (10-11) or to affrication  
 
 Underlying /k/ Underlying /t
s
/ 
Speaker Velar stop 
[k] 
Palatal stop 
[c] 
Affricate 
[c
ç
]~[t
ɕ
] 
(True) affricate 
[t
s
] 
1 30 13 47 2 
2 43 22 13 0 
3 23 19 28 2 
4 44 6 23 1 
5 49 31 38 4 
Total 189 91 149 9 
Table 2. Number of allophonic realizations of /k/ and /t
s
/ analyzed per speaker 
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SMG   W. Cretan Dialect  Gloss  
(8) /voˈskos/    [voˈskos]   [voˈskos]   shepherd 
(9) /kaˈθenas/  [kaˈθenas]   [kaˈθenas]   every 
(10) /ke/   [ce]    [ce]    and  
(11) /aɾkeˈta/  [aɾceˈta]  [aɾceˈta]   enough 
(12) /eˈki/   [eˈci]    [eˈcçi]   there  
(13) /ke/   [ce]    [tɕe]    and 
 
(149 dialectal realizations) as in (12-13). In fact, we were able to distinguish between 
two types of affricate realizations in the corpus, a palatal affricate [c
ç
] as in (12) and an 
alveolo-palatal affricate [t
ɕ
] as in (13) (see Section 3.2 for an acoustic analysis that 
confirms this classification). The results therefore indicated that western Cretan 
speakers use both the standard [c] and the dialectal affricate [c
ç
] and [t
ɕ
] realizations 
with the latter being more frequent than the former. 
 
Syllable 
position 
Surface realization of underlying /k/ 
 Palatal stop 
[c] 
Affricate 
[c
ç 
~ t
ɕ
] 
 
Word-initial 75 108  
Word-medial 2 13  
Word-final 14 28  
Table 3. Number of the standard [c] and the dialectal [c
ç
] and [t
ɕ
] realization of /k/ in 
word- initial, medial and final syllable position 
 
SMG   W. Cretan Dialect  Gloss  
(14)  /keˈnuɾʝes/  [ceˈnuɾʝes]   [ceˈnuɾʝes]   new  
(15) /keˈɾos/  [ceˈɾos]   [tɕeˈɾos]   weather  
(16) /ðeˈkemvɾi/  [ðeˈcemvɾis]   [ðeˈtɕemvɾis]   December 
(17) /ˈθiki/  [ˈθici]    [ˈθici]    case  
(18) /musiˈki/  [musiˈci]   [musiˈci]   music  
(19) /topiˈki/  [topiˈci]   [topiˈtɕi] ~[topiˈtɕa]  local  
(20) /apoɣevmaˈtaki/ [apoɣevmaˈtaci] [apoɣemaˈtatɕi]  afternoon 
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Table 3 displays the frequencies of the standard [c] and the dialectal [c
ç
] and [t
ɕ
] 
realizations (pooled over speakers) as a function of syllable position within the word. 
In word-initial syllable position, there were 75 vs. 108 realizations for the standard and 
the dialectal realization respectively (i.e., 59% of the times the latter realization was 
preferred); in word-medial syllable position, there were 2 vs. 13 realizations for the 
standard and the dialectal realization respectively (i.e., 87% of the times the latter 
realization was preferred); and in word-final syllable position there were 14 vs. 28 
realizations for the standard and the dialectal realization respectively (i.e., 50% of the 
times the latter realization was preferred) (see examples with the dialectal realizations  
 
Stress Surface realization of underlying /k/ 
 Palatal stop 
[c] 
Affricate 
[c
ç
~ t
ɕ
] 
Yes 22 42 
No 69 107 
Table 4. Number of the standard [c] and the dialectal/affricate [c
ç
]~[t
ɕ
] realizations of 
/k/ in stressed and unstressed syllable position 
 
SMG   W. Cretan Dialect  Gloss  
(21) /aftoˈkinita/  [aftoˈcinita]   [aftoˈcinita]   cars 
(22) /topiˈki/  [topiˈci]   [topiˈtɕi]   local 
(23) /siˈkia/   [siˈca]   [siˈcça]   fig 
(24) /apoˈθiki/  [apoˈθici]   [apoˈθitɕi]  storage 
(25) /ɣiˈnekes/   [ʝiˈneces]   [ʝiˈneces]   women 
in word-initial (14-15), word-medial (16) and word-final (17-20) syllable position. 
Given that across syllable position (see Table 2) there were 91 vs. 149 instances for the 
standard and the dialectal realization respectively (i.e., 62% of the times the latter 
realization was preferred), the dialectal realization was much more preferred in word-
medial position than in the two other positions and slightly less preferred in final 
position (in word-initial position the dialectal realization was preferred approximately 
as commonly as it did when looking the data across syllable position). 
Table 4 displays the frequencies of the standard [c] and the dialectal [c
ç
]~[t
ɕ
] 
realization (pooled over speakers) as a function of stress. In stressed position 
(examples 21-23), there were 22 vs. 42 instances for the standard and the dialectal 
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realization respectively (i.e., 66% of the times the latter realization was preferred); in 
unstressed position (examples 24-25), there were 69 vs. 107 instances for the standard 
and the dialectal realization respectively (i.e., 60% of the times the latter realization 
was preferred); Given that across stress position (see Table 2) there were 91 vs. 149 
instances for the standard and the dialectal realization respectively (i.e., 62% of the 
times the latter realization was preferred), the dialectal realization was more preferred 
than the standard one in stressed position. 
 
3.2 Acoustic measurements 
Figure 2 shows mean relative release intensity (dB) for the standard [c] and the 
dialectal/affricate [c
ç
] and [t
ɕ
] realizations uttered by western Cretan speakers. An 
independent samples t test indicated that release intensity was higher, t (238) = -2.7, p 
< .05 for the dialectal realizations (M = -11.7 dB) than the standard one (M = -13.4 
dB), confirming that affricates have a greater intensity than stops.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Mean relative release intensity (dB) for the standard palatal stop [c] and the 
dialectal/affricate [c
ç
] and [t
ɕ
] realization of underlying /k/ 
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Figure 3. Mean release duration (sec) for the standard palatal stop [c] and the 
dialectal/affricate [c
ç
] and [t
ɕ
] realization of underlying stop /k/. Mean release burst 
duration (sec) for the velar stop [k] realization (i.e., the realization of /k/ before back 
vowels) is also shown in the leftmost column for comparison 
 
Figure 3 shows mean release duration (sec) for the standard and the dialectal 
affricate realization of /k/ by western Cretan speakers (the leftmost column shows 
mean release duration for the velar stop realization, i.e., the realization of /k/ before 
back vowels). The standard realization had a significantly shorter release duration than 
the dialectal realization (M = 42 vs. 59 ms respectively), t (238) = -5.2, p < .01, 
confirming that stop release duration is shorter than affricate release duration.  
A final analysis examined in detail the dialectal/affricate realization of /k/ by 
western Cretan speakers. We were particularly interested in whether an acoustic 
analysis would confirm that the two affricate realizations differed in terms of their 
place of articulation, i.e., whether there would be any difference between the 
articulation of the dialectal allophone classified as a palatal affricate [c
ç
] and the 
dialectal allophone classified as an alveolo-palatal [t
ɕ
] affricate. Figure 4 shows the  
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Figure 4. Mean center of gravity (Hz) for the two dialectal realizations of /k/, namely 
the palatal [c
ç
] and the alveolo-palatal [t
ɕ
] affricate realization 
 
center of gravity (Hz) of the two affricate realizations. An independent samples t test 
showed that the center of gravity was significantly higher, t (147) = -2.7, p < .05 for the 
alveolo-palatal affricate [t
ɕ
] than the palatal affricate [c
ç
] (M = 3275 vs. 3067 Hz 
respectively), which confirmed that the former was articulated at a more front position 
in the oral cavity (hence the higher center of gravity) than the latter. 
 
4. Discussion 
This paper is part of a project that examines, using acoustic measurements, the 
phonetics and phonology of the consonants in the dialect of western Crete. Here we 
focus on (extreme) palatalization and affrication of velars before front vowels /i/ and 
/e/ and the high (front) glide, a phenomenon which has proven very little susceptible to 
standardization. The dialectal material came from conversations between the 
participants and a native speaker of the dialect. We particularly examined the 
distribution of (extreme) palatalization and affrication of voiceless velar stop /k/ as a 
function of syllable position within the domain of word (i.e., whether the syllable is 
domain initial, medial or final) and stress as well as the acoustic realization of the 
phenomenon by measuring (a) the relative intensity of the stop/affricate; (b) the release 
duration of the stop/affricate; and (c) the average frequency of the spectrum of the 
affricate. 
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 The results demonstrated that western Cretan speakers use both the standard palatal 
stop and the dialectal affricate realizations in their speech but show a preference for the 
latter (91 vs. 149 instances respectively pooled over speakers). When examining the 
effect of syllable position on the frequency with which the affricate realization 
surfaced in our corpus it was found that western Cretan speakers showed a clear 
preference of this realization in medial position compared to initial and final position 
(see Syrika et al. 2011 for a similar finding in the southeastern Cretan dialect). In final 
position, the dialectal realization was slightly less preferred by speakers when 
compared to the results across syllable position while in initial position the dialectal 
realization was preferred approximately as commonly as it did when looking at the 
data across syllable position. Concerning the effect of stress on the frequency with 
which the dialectal realization occurred, it was found that speakers used it slightly 
more when the syllable that contained the underlying /k/ was stressed than when 
unstressed in comparison to the examination of dialectal realizations across stress 
position. 
 The acoustic analysis showed that the standard and the dialectal realization differed 
significantly in terms of relative release intensity (higher for the latter) and release 
duration (longer for the latter) which provides, along with the results of Syrika et al. 
(2011) on the southeastern Cretan dialect, acoustic evidence for the phenomenon of 
palatalization and affrication in Crete. An examination of the spectral characteristics of 
the dialectal realization of /k/, distinguished, interestingly, two affricate realizations, 
namely a palatal affricate [c
ç
] and an alveolo-palatal affricate [t
ɕ
] (the center of gravity 
was significantly higher for the latter which indicates that it is articulated at a more 
front position). 
 One final issue of interest concerns the explanation of palatalization and affrication 
in the languages it occurs (e.g. Czech, Eastern Catalan, French). Palatalization is 
considered to be the result of feature spreading; front vowels, regardless of their height, 
spread their [-back] feature to the preceding velar consonant (e.g. Calabrese 2008 and 
references therein). When also subjected to affrication, velar consonants change not 
only their place (from velar to palatal) but also their manner of articulation (from stop 
to affricate). As mentioned in the Introduction, there are two competing hypotheses in 
the literature attempting to account for this phenomenon, the articulation-based 
hypothesis (e.g. Anttila 1972) and the acoustic equivalence hypothesis (e.g. Guion 
1998). Given that the affricate realizations co-occur with the standard palatal stops in 
222 Angelos Lengeris & Ioanna Kappa 
 
Crete (and other Greek dialects, see e.g. Manolessou & Pantelidis 2013) together with 
our finding that there are two acoustically distinct affricate realizations [c
ç
] and [t
ɕ
] in 
the western Cretan dialect, with the former realization sharing the same place of 
articulation with the standard allophonic palatal realization before front vowels, 
suggest that the nature of the phenomenon is not categorical and seem to support, at 
least for unaspirated velars, the articulation-based hypothesis (see also Recasens & 
Espinosa 2009). 
 In conclusion, the results of this study provide experimental evidence on the 
application of palatalization and affrication in the western Cretan dialect. The two 
affricate allophones of the velar stop phoneme co-occur with the standard allophonic 
palatal stop realization and are favored in stressed syllables and in word-medial 
syllable position. 
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